Given their established analgesic properties, nonsteroidal anti-inflammatory drugs (NSAIDs) represent an important postoperative pain management option. This study investigated: (1) the effects of mild or moderate renal insufficiency and mild hepatic impairment on the pharmacokinetics (PK) of diclofenac and hydroxypropyl-β-cyclodextrin (HPβCD) following administration of the injectable NSAID HPβCD-diclofenac; and (2) the PK of HPβCD following administration of HPβCD-diclofenac and intravenous itraconazole formulated with HPβCD in healthy adults. Diclofenac clearance (CL) and volume of distribution (V z ) tended to increase with decreasing renal function (moderate insufficiency versus mild insufficiency or healthy controls). Regression analysis demonstrated a significant relationship between V z (but not CL or elimination half-life, t ½ ) and renal function. HPβCD CL was significantly decreased in subjects with renal insufficiency, with a corresponding increase in t ½ . There were no significant differences in diclofenac or HPβCD PK in subjects with mild hepatic impairment versus healthy subjects. Exposure to HPβCD in healthy subjects following HPβCD-diclofenac administration was ß12% of that with intravenous itraconazole, after adjusting for dosing schedule and predicted accumulation (<5% without adjustment). With respect to PK properties, these results suggest that HPβCD-diclofenac might be administered to patients with mild or moderate renal insufficiency or mild hepatic impairment without dose adjustment (NCT00805090).
Current approaches to postoperative pain management emphasize the use of multimodal analgesic regimens to provide sufficient analgesia while permitting use of lower doses of individual agents and reducing the risk for adverse events.
1,2 Nonsteroidal anti-inflammatory drugs (NSAIDs) represent a key aspect of such multimodal approaches. 1, 3 Diclofenac is an NSAID that exerts analgesic, antipyretic, and anti-inflammatory effects via cyclooxygenase (COX)-1 and COX-2 inhibition; it has been widely prescribed in multiple formulations since its introduction in the United States in 1988 and has demonstrated efficacy and safety in managing acute and chronic pain.
HPβCD-diclofenac is an injectable diclofenac formulation approved for use in the United States, in which diclofenac is solubilized with hydroxypropyl-β-cyclodextrin (HPβCD). Solubilization with HPβCD allows diclofenac to be administered as a low-volume intravenous bolus and makes its preparation and administration less prone to risks associated with parenteral drugs. 10, 11 This formulation also allows for immediate release of diclofenac on injection and circumvention of first-pass metabolic eliminations. 12, 13 Solubilization with cyclodextrins allows for rapid drug release via complex dilution, replacement of the drug by another molecule, or transfer of the drug to a lipophilic biological membrane. 14 An injectable diclofenac formulation not available in the United States employs propylene glycol and benzyl alcohol (PG-BA) for solubilization. Unlike HPβCD-diclofenac, PG-BAdiclofenac must be diluted, buffered, and administered over 30-120 minutes. 11, 15, 16 Clinical trials have demonstrated the efficacy and safety of HPβCD-diclofenac when used for acute postsurgical pain, [17] [18] [19] [20] as well as lower incidence of thrombophlebitis than with PG-BA-diclofenac. 21 Further, the pharmacokinetics (PK) of diclofenac following single and multiple doses of HPβCD-diclofenac have been reported, demonstrating no accumulation following repeat dosing. 13 HPβCD-diclofenac is intended for use in the treatment of acute postsurgical pain. Postsurgical populations typically include patients with renal insufficiency or hepatic impairment, for which analgesic choice can be challenging because of potential efficacy and safety concerns. Side effects of opioids, such as sedation and respiratory depression, for example, may be more serious for patients with renal insufficiency or hepatic impairment because of the accumulation of active metabolites. 22, 23 In addition, patients with renal impairment or liver disease may be at risk for NSAID-related adverse effects, and thus caution is advised when prescribing NSAIDs in these patients. 24, 25 Elderly patients also represent an important population in this respect, given that increasing age is associated with reductions in hepatic blood flow and a decline in the activity of hepatic cytochrome P450 enzymes, 26, 27 as well as declining renal function, 28 which may affect drug metabolism and clearance.
Diclofenac binds extensively to plasma albumin, with substantial concentrations attained in synovial fluid. 29 Diclofenac undergoes significant hepatic metabolism and is eliminated following biotransformation to conjugated metabolites (glucuroconjugated and sulfate metabolites), followed by excretion in urine. 29 The major primary metabolite of diclofenac is 4-hydroxy (OH) diclofenac, with 3-OH and 5-OH diclofenac minor metabolites undergoing glucuronidation and sulfation. 29 In humans, renal excretion predominates, with >60% of each daily dose excreted as a conjugate in urine, and studies have demonstrated a relationship between diclofenac excretion and glomerular filtration rate (GFR). 29, 30 Overall, very little drug is eliminated unchanged, with approximately 2% of the dose reported to be excreted unchanged in urine in healthy volunteers. 29 HPβCD, as a hydrophilic cyclodextrin, has been shown to be almost exclusively eliminated through the kidneys via glomerular filtration, with plasma hydrolysis showing a brief distribution phase, followed by an elimination phase. 14, 31 In light of these metabolic considerations, as well as concerns related to NSAID use in patients with impaired renal or hepatic function, understanding the PK of any NSAID formulation in these populations is critical.
The first objective of this study was to evaluate the PK and safety of diclofenac and HPβCD following administration of a single dose of HPβCD-diclofenac in subjects with mild or moderate chronic renal insufficiency or mild hepatic impairment compared with in matched healthy adult subjects. The second objective was to evaluate comparative PK and safety of HPβCD following a single dose of HPβCD-diclofenac and intravenous itraconazole, an approved antifungal drug solubilized with HPβCD, in healthy adult subjects. Intravenous itraconazole (containing 8000 mg HPβCD) was used as a comparator to examine HPβCD exposure following HPβCD-diclofenac administration (containing 333.3 mg HPβCD), given that it was the only available product using HPβCD as a solubilizing agent that was appropriate for administration to healthy subjects.
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Subjects and Methods Subjects
There were 40 participants in this study (ClinicalTrials.gov Identifier: NCT00805090; A sufficient number of subjects was screened so that 8 subjects with mild chronic renal insufficiency (14 subjects screened), 5 subjects with moderate chronic renal insufficiency (13 subjects screened). and 8 subjects with mild chronic hepatic impairment completed the study (14 subjects screened). A sample size of 8 subjects with mild chronic renal insufficiency and 8 subjects with mild chronic hepatic impairment was considered typical for a study evaluating the effects of renal or hepatic impairment on PK. A sample size of up to 5 subjects with moderate chronic renal insufficiency was selected to gain clinical experience in this population. A sufficient number of healthy adult subjects were screened, so that 8 healthy adult subjects who were matched by age, sex, and weight to the subjects with mild chronic renal insufficiency and 8 healthy adult subjects who were matched by age, sex, and weight to the subjects with mild chronic hepatic impairment completed the study. One healthy adult subject could be matched to a subject with mild chronic renal insufficiency and to a subject with mild chronic hepatic impairment.
General study inclusion criteria were age ࣙ18 years, body mass index ࣘ 42 kg/m 2 , ability to stay at the study site for the required number of days and nights and return to the clinic for follow-up, and if female, nonfertility or use of an accepted method of contraception. Subjects in the renal insufficiency group were required to be 18- For inclusion in the mild hepatic impairment group, subjects were required to be 18-75 years old and have a Child-Pugh Classification A Score of 5-6, serum bilirubin ࣘ 2.5 mg/dL, and mild hepatic impairment for at least 3 months prior to screening, with stable disease for at least 30 days. Because diclofenac is largely cleared by hepatic metabolism, 36 subjects with fluctuating or rapidly deteriorating hepatic function or a current or past history of hepatic disease were excluded. The PK of HPβCD-diclofenac were not studied in subjects with moderate to severe hepatic impairment and use in this population is not recommended.
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Healthy subjects were required to be 18-65 years old and have normal renal function (CrCl > 80 mL/min) and normal hepatic function and were matched by age (±10 years), sex, and body weight (±10 kg) with subjects with renal insufficiency or mild hepatic impairment. Subjects with renal insufficiency were permitted to enroll if they had a history of cardiovascular events, diabetes, high blood pressure, and/or hypercholesterolemia, provided that these conditions were stable, were well controlled, and did not pose a significant safety risk. Diabetic subjects with renal insufficiency were required to have been on a stable therapeutic regimen for 4 weeks prior to screening. Comorbidities were permitted in the hepatic impairment groups, provided these were stable and well controlled and did not pose a significant safety risk. Subjects being treated for mild chronic hepatic impairment were required to have been on a stable dose and regimen of standard therapy medication to treat their hepatic disease over the 4 weeks prior to screening.
All participants were required to be nonsmokers, healthy enough for study participation, and able to communicate with study personnel. General exclusion criteria included pregnancy, uncontrolled or poorly controlled diabetes, use of dialysis, fluctuating or rapidly deteriorating hepatic function, hepatic or other cancers, organ transplantation or immunosuppression, acute infections, or asthma. Subjects were excluded if they had a recent serious cardiovascular event, had significant medical history or clinically relevant laboratory test results, were serologically positive for the human immunodeficiency virus, were substance abusers, had donated blood within the past 56 days or plasma within the past 7 days, or had known NSAID or diclofenac hypersensitivity. Subjects were also excluded if they had a history of intestinal disorders or infections, peptic ulcers, gastrointestinal bleeding, or cerebral hemorrhage in the past 2 years. Individuals positive for hepatitis B or hepatitis C were excluded from the healthy and renal insufficiency groups, but were allowed in the mild hepatic impairment group. Use of monoamine oxidase inhibitors or tricyclic antidepressants ࣘ 30 days prior to the study, over-the-counter medications including aspirin or herbal supplements ࣘ 14 days prior to the study or during the study, or short-acting NSAIDs ࣘ 24 hours or long-acting NSAIDs or COX-2 inhibitors ࣘ 3 days prior to the study also resulted in exclusion. Exposure to drugs that inhibit or induce cytochrome P450 (CYP) 2C9 was not allowed for at least 5 half-lives prior to dosing with study drug. CYP2C9 inhibitors that were not permitted included azole antifungals, statins used for hypercholesterolemia, fenofibrate, amiodarone, isoniazid, phenylbutazone, probenecid, leukotriene inhibitors, and sertraline. CYP2C9 inducers such as phenobarbital and rifampin were not permitted. Although diclofenac is a substrate of CYP2C9, itraconazole is an inhibitor for CYP3A; however, this was not expected to affect diclofenac PK results. Exclusions for concomitant medication were determined such that a medication would not compromise the outcome or validity of the study (eg, assay interference).
Study Design
This study consisted of (1) an open-label, single-dose study of the PK of diclofenac and HPβCD following HPβCD-diclofenac administration in subjects with renal insufficiency, hepatic impairment, and healthy controls, and (2) a randomized, open-label, single-dose, 2-way crossover study of the PK of HPβCD following HPβCD-diclofenac and intravenous itraconazole administration in healthy subjects.
Subjects with renal insufficiency or hepatic impairment reported to the study site on study day 0 and remained at the site for 2 nights and 2 days. HPβCD-diclofenac 37.5 mg (Dyloject, Hospira, Inc., Lake Forest, Illinois) was administered to each subject as an intravenous bolus over 15 seconds on study day 1. Blood samples were obtained via an indwelling intravenous cannula or by direct venipuncture at the following times: time 0 (predose), 5, 10, 20, 30, and 45 minutes and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 18, and 24 hours postadministration. The sampling schedule for assessment of PK parameters was deemed appropriate to characterize the profiles of diclofenac and HPβCD in light of the known properties for the compounds evaluated. Subjects were discharged on study day 2 after being assessed by the investigator, and returned 7 ± 3 days after dosing for final safety assessments. If there were no abnormal findings at discharge, follow-up was completed via telephone.
Healthy subjects reported to the study site on study day 0 and remained at the site for 3 nights and 3 days. HPβCD-diclofenac 37.5 mg (333.3 mg HPβCD; intravenous bolus) and the comparator intravenous itraconazole 200 mg (Sporanox, Jansen Pharma, Beerse, Belgium; 8000 mg HPβCD; intravenous infusion over 60 minutes), were administered on study day 1 and study day 2 according to randomization codes. Use of intravenous itraconazole as the comparator was based on it being the only available product using HPβCD as a solubilizing agent appropriate for administration to healthy volunteers and that it has extensive postmarketing data. [32] [33] [34] Blood samples were obtained from healthy subjects at the same postadministration points described above. When subjects received HPβCD-diclofenac, 2 blood samples were drawn at each point, one each for diclofenac and HPβCD concentration measurements. Following intravenous itraconazole administration, 1 blood sample was drawn at each time to assay for HPβCD concentrations. Subjects were discharged on study day 3 after being assessed and returned 7 ± 3 days after receiving the last dose of study drug for safety assessments. samples) was extracted with organic solvent, which was evaporated, reconstituted, and injected into a Sciex API-4000 LC-MS/MS (Applied Biosystems) in positive ion multiple-reaction monitoring (MRM) mode (calibration curve range, 5-2000 ng/mL). The peak of m/z 296 to 214 diclofenac product ion was measured against the peak area of the m/z 300 to 218 product ion of the internal standard of diclofenac-D 4 . Quantitation was performed using weighted (1/x 2 ) linear least-squares regression generated from fortified human plasma calibration samples prepared prior to each run. The validated range of the assay was 5-2000 ng/mL. The QC concentrations were 5, 15, 400, 1600, and 10 000 ng/mL, with within-day precision of 2.5%, 2.0%, 1.0%, and 0.5% (not applicable at QC sample 10 000 ng/mL), respectively, and between-day precision of 6.3%, 3.2%, 1.9%, 3.4%, and 1.9%, respectively.
Pharmacokinetic and Statistical Analysis
Plasma concentrations of HPβCD were determined using a validated LC-MS/MS assay by Eurofins Medinet (Aurora, Colorado). Plasma was collected in K 2 -EDTA-coated vials. Sample preparation consisted of adding 250 μL of HPβCD-containing plasma to 750 μL of methanol:acetonitrile:1% formic acid, 5:4:1, v:v:v, in 1.5-mL microcentrifuge tubes; no internal standard was employed. The precipitated samples were briefly homogenized in a vortex mixer, then moderately agitated on a plate shaker for 5 minutes, and finally spun in a centrifuge at 13 kG × 5 minutes at 4°C to pellet the precipitated proteins and extract HPβCD. A 100-μL aliquot of supernatant was diluted with 900 μL of 2 mM ammonium acetate (aq, pH 6.8) in a 1.5-mL amber HPLC vial, capped, briefly vortex-mixed, and placed in a CTC HTS PAL autosampler (CTC Analytics, AG) kept at 4°C. A 100-μL aliquot of prepared sample was injected onto an Agilent 1100 HPLC (Agilent Technologies, Inc.) coupled to an ABI API 4000 (Applied Biosystems). The HPβCD population member with 5 degrees of substitution was isolated from interferences via an isocratic step of methanol:2 mM ammonium formate, 35:65, v:v, at 1.2 mL/min at 80°C on a Higgins Analytical Targa C18 column (2.1 × 30 mm, 3 μm; Higgins Analytical, Inc.), blended with 100% acetonitrile postcolumn at 0.8 mL/min to increase the organic content for improved ionization, and then detected via positive turbospray ionization mass spectrometry using the strongest MRM transition for the sodiated adduct of HPβCD DS = 5 of m/z 1447.5 to 447.5. The validated range of the assay was 100 to 10 000 ng/mL. The QC concentrations were 300, 1500, and 7500 ng/mL, with within-day precision of 2.3%-8.0%, 3.7%-10.9%, and 3.5%-7.0%, respectively, and between-day precision of 4.8%, 3.6%, and 7.6%, respectively.
PK parameters for diclofenac and HPβCD were calculated using noncompartmental analysis of the plasma concentration-time data. Only plasma concentrations equal to or greater than the lower limit of quantitation (LLOQ) for the respective assays (diclofenac 5 ng/mL and HPβCD 100 ng/mL) were used in the analysis. For both assays, values < LLOQ were set to zero for the calculation of descriptive statistics. For the PK analysis, values < LLOQ before the first value ࣙ LLOQ were set to zero, and subsequent values were set to missing. For graphical displays, mean values are presented. Actual sampling times were used in all PK analyses. Per-protocol times were used to calculate mean plasma concentrations for graphical displays. Overall analysis included calculation of the following PK parameters: maximum plasma concentration (C max ), time to C max (T max ), area under the curve from zero to final sample (AUC 0-t ), area under the curve from zero to infinity (AUC Ý ), elimination rate constant (λ z ), total plasma clearance (CL), volume of distribution (V z ), and elimination halflife (t ½ ).
C max and T max were obtained directly from the data. The elimination rate constant, λ z , was calculated as the negative of the slope of the terminal log-linear segment of the plasma concentration-time curve. The range of data used for each subject and treatment was determined by visual inspection of a semilogarithmic plot of concentration versus time. Elimination half-life (t ½ ) was calculated according to the equation t ½ = 0.693/λ z . Area under the curve from zero to the final sample with a concentration ࣙ LLOQ (AUC 0-t ) was calculated using the linear trapezoidal method and extrapolated to infinity using: AUC Ý = AUC 0-t + Ctf/λ z , where Ctf is the final concentration ࣙ LLOQ. CL was calculated as dose/AUC, and V z was calculated as dose/(λ z × AUC).
The effect of renal impairment on the PK parameters C max , AUC Ý , CL, V z , and t ½ was examined with an analysis of variance (ANOVA) statistical model and subject type as the classification variable, using the natural logarithms of the data. The 3 cohorts were compared using paired t tests. The same model was used to test for the effect of hepatic impairment on the PK of diclofenac and HPβCD but without additional comparisons, as there were only 2 groups. Relationships between the independent PK parameters CL and V z and the dependent parameter t ½ and renal function were examined using linear regression of each PK parameter against the GFR.
Comparing HPβCD-diclofenac and itraconazole required adjustments for differences in the dosing schedules and the predicted degree of accumulation, taking under consideration the different HPβCD concentration (333.3 mg/mL for diclofenac, 400 mg/mL for itraconazole) and duration (diclofenac, intravenous bolus over 15 seconds; itraconazole, intravenous infusion over 60 minutes). PK comparisons between HPβCD-diclofenac and itraconazole in healthy subjects were performed with an ANOVA model with sequence, subject within sequence, treatment, and period as the classification variables, using the natural logarithms of the data. Confidence intervals (90%) were constructed for the test-to-reference ratio of the 3 parameters using the log-transformed data and the 2 one-sided t-test procedure. Point estimates and confidence limits were exponentiated back to the original scale. PK calculations and individual subject plasma concentration-versus-time graphs were prepared using SAS for Windows v.9.1.3.
Safety
All participants who received study medication and had recorded safety data were included in the safety analysis. Safety was assessed via clinical laboratory tests, electrocardiograms, physical examination, vital signs, adverse events (AEs), and concomitant medications. Treatment-emergent AEs (AEs first occurring or worsening in severity during the course of the study) were monitored for the duration for the study and were coded in accordance with the Medical Dictionary for Regulatory Activities v.11.1. AEs were tabulated by system, organ, class; maximum intensity (mild, moderate, or severe); and relationship to study drug.
Results
Subject Disposition and Demographics
A total of 84 volunteers were screened for this study, and 44 individuals were excluded at screening. The most frequent reasons for screen failure for the overall population were laboratory exclusion (n = 11), enrollment closed (n = 10), concomitant medication exclusion (n = 7), and inability to return during protocol windows (n = 7). All 21 subjects with renal or hepatic impairment who received study medication completed the study and were included in the safety and PK analyses. This included 13 subjects with renal insufficiency (mean CrCl, 56 mL/min) and 8 subjects with hepatic impairment (mean bilirubin, 0.59 mg/dL; mean ChildPugh score, 5.5). Nineteen matched healthy subjects were admitted to the study and dosed with study medication. Of these, 14 completed the study successfully, and 13 were included in the PK analysis. The subject who completed the PK portion of the study and was excluded from the PK analysis had a predose plasma diclofenac concentration of 391 ng/mL and 5.7% of C max (6860 ng/mL). As this was >5% of C max , the subject was excluded from the descriptive statistics and comparative analyses. Four of the 5 withdrawals in the healthy subject group were because of a dosing infusion line error, in which subjects received a lower dose of itraconazole than specified in the protocol. All 19 healthy subjects who received ࣙ1 dose of the study medication were included in the safety analysis. Demographic characteristics of all 40 enrolled subjects are detailed in Table 1 .
Pharmacokinetics of Diclofenac and HPβCD in Subjects With Renal Impairment
Mean plasma diclofenac concentration curves following administration of HPβCD-diclofenac were essentially the same for subjects with mild or moderate renal insufficiency and healthy controls ( Figure 1A) , and overall diclofenac exposure, as measured by AUC Ý , did not differ significantly between these groups (P = .13; Table 2) . Mean values for all PK parameters were similar in subjects with mild renal insufficiency and matched healthy controls, and there were no significant differences between these 2 cohorts (P ࣙ .85 for all parameters; Table 2 ). In subjects with moderate renal insufficiency, there was a trend toward increased CL and decreased AUC Ý versus in healthy controls; however, there was no statistically significant difference between these groups with respect to either parameter (both P = .068; Table 2 ). Conversely, V z was significantly increased and C max was significantly decreased in subjects with moderate renal insufficiency versus in healthy controls (P = .019) and subjects with mild renal insufficiency (P < .017). Notably, however, there was overlap of the individual subject values among the 3 cohorts. When the relationships between CL, V z , and t ½ and renal function were examined via regression analysis, a statistically significant relationship was observed for V z (P = .021) but not for CL or t ½ (Table 2) . Mean plasma HPβCD concentration curves revealed greater plasma HPβCD concentrations in subjects with impaired renal function ( Figure 1B ). There was a statistically significant decrease in HPβCD CL with decreasing renal function (P = .015 for the comparison between all three cohorts), with corresponding significant increases in AUC Ý and t ½ (P = .015 Tables 1 and 2. and .009, respectively; Table 2 ). Overall, a 2.4-fold decrease in CL and a 1.8-fold increase in t ½ were observed in subjects with moderate renal insufficiency when compared with healthy subjects, but there was no statistically significant difference between cohorts with respect to V z (P = .054; Table 2 ). Regression analysis revealed significant relationships between CL and t ½ and renal function (P = .002 and .018, respectively; Table 2 ), but not between V z and renal function (P = .26). PK parameters for individual subjects are provided in Supplementary Tables 1 and 2 .
Pharmacokinetics of Diclofenac and HPβCD in Subjects With Hepatic Impairment
There were no differences in the mean diclofenac or HPβCD plasma concentration curves between subjects with mild hepatic impairment and matched healthy controls following HPβCD-diclofenac administration ( Figure 1C,D) . There were no statistically significant differences in diclofenac or HPβCD PK parameters between subjects with mild hepatic impairment and healthy subjects (all P ࣙ 0.61; Table 3 ).
Pharmacokinetics of HPβCD in Healthy Subjects
To compare the PK of HPβCD following HPβCD-diclofenac administration with HPβCD PK following administration of an approved drug containing the same solubilizing agent, healthy subjects received both HPβCD-diclofenac and intravenous itraconazole. Consistent with the differences in HPβCD dose, exposure to HPβCD following administration of HPβCD-diclofenac (333.3 mg HPβCD) was markedly lower than with intravenous itraconazole (8000 mg HPβCD) in healthy controls, as were the mean PK parameters related to dose (C max , AUC 0-t , and AUC Ý , all Figure 2 ). Based on the geometric least-squares mean ratio of AUC Ý , HPβCD exposure after a single dose of HPβCD-diclofenac was 1/20th (4.58%) of that following intravenous itraconazole administration, which was essentially the same as the ratio of HPβCD doses (333.3/8000 mg; 4.17%). Adjusting for differences in the dosing schedules and the predicted degree of accumulation, the steady-state exposure to HPβCD following HPβCD-diclofenac administration was estimated to be approximately 1/8th (12.11%) of that following intravenous itraconazole administration. Using the "worst case" of subjects with moderate renal insufficiency, the exposure to HPβCD after administration of HPβCD-diclofenac 37.5 mg would still be expected to be 7.9-fold lower based on AUC 0-t and 3.9-fold lower based on the average concentration at steady state (C av ) than in healthy subjects administered intravenous itraconazole. The results of the comparison in healthy subjects do not include adjustments for differences in doses of HPβCD between HPβCD-diclofenac and intravenous itraconazole; this was done to demonstrate that when compared with intravenous itraconazole, as a clinically relevant and approved standard, HPβCD-diclofenac had much lower HPβCD exposure.
Safety
There were no deaths, withdrawals because of AEs, or serious adverse events in this study, and all AEs were mild or moderate in severity. 
Discussion
The results of this study suggest that mild to moderate renal or mild hepatic insufficiency did not significantly affect the exposure to or elimination of diclofenac following administration of a single dose of intravenous HPβCD-diclofenac. However, renal insufficiency was associated with decreased CL of HPβCD, the The results of the comparison in healthy subjects do not include adjustments for differences in doses of HPβCD between HPβCD-diclofenac and IV itraconazole. IV, intravenous; C max , maximum observed plasma concentration; T max , time at which C max was observed; AUC 0-t , AUC up to the last quantifiable concentration; AUC Ý , AUC from time zero to infinite time; t ½ , apparent elimination half-life; V z , volume of distribution; CL, clearance. a All parameters presented as arithmetic mean ± standard deviation (SD), except for T max , for which the median is reported. b Difference in T max is based on diclofenac group having had an IV bolus (15 seconds), whereas the itraconazole group had an IV infusion (60 minutes). compound with which diclofenac is solubilized. Based on these results, HPβCD does not seem to provide any additive or synergistic effect on the PK profile, clearance, or rate of elimination of HPβCD-diclofenac in individuals with mild or moderate renal insufficiency or mild hepatic impairment. This study also demonstrated that HPβCD exposure was lower following administration of HPβCD-diclofenac than following a standard dose of the approved drug, intravenous itraconazole, even after adjustment for differences in dosing schedules. The inclusion of individuals with both mild and moderate renal insufficiency allowed for examination of PK parameters in light of degree of renal insufficiency. There was a trend toward increased CL of diclofenac in subjects with moderate renal insufficiency compared with those with mild renal insufficiency and matched healthy controls; however, there were no statistically significant differences observed between groups. Conversely, V z was significantly increased in subjects with moderate renal insufficiency, an observation that may be in part because of the small size of the individual cohorts. Importantly, however, regression analysis also demonstrated a significant relationship between V z and renal function. Although the binding of diclofenac to serum proteins may be lower in subjects with renal failure, which might lead to an increase in V z , 29 protein binding was not examined in the current study. Further, diclofenac is extensively bound in plasma and serum (more than 99.7% bound), 29 suggesting that even small changes in binding might affect measurement of PK parameters based on total (free plus bound) plasma concentrations.
The absence of a significant effect of renal insufficiency on diclofenac CL is consistent with previous studies of other diclofenac formulations, in which renal elimination was not found to be a significant pathway for CL, 37 and previous investigation in subjects with renal insufficiency (inulin clearance, 60-90, 30-60, and <30 mL/min), revealing comparable AUC and elimination rate of diclofenac compared with healthy subjects.
There was an observed decrease in HPβCD CL, with corresponding increases in AUC Ý and t ½ , in subjects with decreased renal function. Reduced HPβCD CL in subjects with renal insufficiency is not unexpected, given that, following intravenous injection, administered to patients with mild or moderate renal insufficiency or mild hepatic impairment at the usual dose and schedule without a need for dose reduction. Further studies with a larger cohort of patients could further strengthen this conclusion.
